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On the Thrusting-Occurrence-Possibility by the
Movement of the Scale Plates-1I

Hiroshi NAKAYAMA*

Abstract

In the previous report, using a carp as the experimental material, the impossibili-
ty of bringing forth the thrusting-power through the motions of the slowly opening
and quickly shutting scale-plates was ascertained from both the biological and phy-
sical points of view.

Namely, it was ascertained that no opening and shutting motions of the scale-
plates themselves were to be brought out by the wiggling motion of the fish-body,
but a sort of sliding of the scale-plates was to be brought forth along the fish-body-
axis.

Moreover, in this case, the flowing current on the fish-body was noted to be a
sort of laminar flow, with no exfoliation accompanied.

From this, in the present study, the sliding of the scale-plates was especially
brought under investigation;

Namely, making use of a cineprojector and a stroboscope, the wigglingmotion of
the swimming fish (Tilapia nilotica, the full length 26cm, the body height 10 cm)
was examined, with the ascertainment that the forward and backward sliding-motion
was a simple harmonic motion and not a slowly backing and rapidly dashing motion.

In contrasting to the model-scale-plates making the slowly opening and quickly
shutting motion, another model-scale-plates making the simple harmonic, forward
and backward sliding motion was made by the author; and, with the use of alumi-
num powder, the flowing current on the scale-plates-surface was put into visualiza-
tion; and, using the pressure transducer, the dynamical pressure of the fluid at the
rear tip of the scale-plates was measured.

Consequently, contrary to the result of the previous report, no occurrence of the
thrusting-power could be noted in either case.
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Fig. 1 "Experimental apparatus (Small circulating water channel and
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Fig. 2 Caudal inclination (6,, 6,) agamst the fish-body-axis
at the time when the fish is wiggling.
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Fig. 6 Photograph of experimental apparatus (Small
circulating water channel and the scale-plates
model)
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Fig. 7 Multiplex photographing (Swimming motion of
Tilapia nilotica) V: 36.47cm/sec, F 5.6, 1/1
Stroboscope 32 cycle/sec, ASA 400,
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Fig. 8 Swinging ranges from the caudal fish body-axis-line
(Tilapia nilotica, the full length 26cm)
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Table 1. Variation of Lateral velocity during one cycle of caudal wiggle.
Lateral velocity
Flowing SE— -
velocity Frame la 1b
No.
(em /sec) (cm/%sec> (cm /sec) <cm /ilgsec> (cm /sec)
5— 6 Left | 0.52 Left 9.36 Left 0:.32 Left 5.76
6— 7 ” 0.11 ” 1.98 ” 0.49 ” 8. 82
7— 8 Right 0.3 Right 5.76 ” 0.20 ” 3. 60
89 ” 0.26 7 4.68  Right 0.37  Right 6.60
31.25 9—10 7 0.14 7 2,52 ” 0.69 ” 12. 42
10—11 Left 0.09 Left 1.62 0 0
11—12 ” 0.26 ” 4. 68 Left 0.28 Left 5.04
12—13 ” 0.26 ” 4.68 ” 0. 54 ” 9.72
Mean 4.41 Mean 6.50
9—10 Left 0. 40 Left 7.20 Left 0.72 Left 12.96
10—11 Right 0.11 Right 1.98 7 0,32 ” 5.76
30. 95 11—12 ” 0.52 ” 9. 36 Right 0.40 Right 7.20
12—13 ” 0.32 ” 5.76 ” 0.49 ” 8. 82
13—14 Left 0. 55 Left 9.90 ” 0. 43 ” 7.74
14—15 ” 0.23 ” 4.14 Left 0.63 Left 11.34
Mean 6.84 Mean 8.97

Table 2. Lengths of scales along the body-axis at each flowing velozity.

Flowing o
velocity &§ g

Measuring Point:

(cm/ & a b c d e f g i j m n

sec)™ (mm)(mm)(mm)(mm)(mm)(mm)(mm)(mm)(mm)(mm)(mm)(mm)(mm)(mm)

1 57 60 66 39 54 4.8 54 3.6 4.5 4.8 4.8 4.8 4.2 3.9

2 57 6.3 57 54 51 51 51 51 45 4.8 54 4.5 3.9 4.5

3 51 54 54 48 51 51 39 42 51 48 4.8 4.2 4.2 5.1

4 5.1 4.8 4.2 4.8 45 4.8 3.9 45 45 4.5 4.2 4.5 4.5 5.1

5 4.8 5.4 4.8 51 45 4.8 4.8 3.9 3.9 45 3.9 4.2 3.9 4.2

31.125 6 6.3 57 51 45 45 51 4.8 3.3 39 42 4.2 39 39 3.6
7 6.0 54 51 51 57 57 45 4.2 4.8 4.8 4.8 3.6 3.6 4.2

8 4.8 54 6.3 4.8 54 54 48 45 45 51 51 42 39 3.9

9 51 5.4 54 51 48 54 51 45 51 51 4.8 4.8 3.9 3.9

10 5.1 54 51 4.2 54 48 51 4.5 4.8 4.8 4.8 4.5 4.2 4.8

1 6.3 6.0 57 51 57 51 54 48 54 4.8 51 4.5 4.8 4.8

2 57 57 57 54 51 51 48 4.2 54 4.8 54 4.8 4.8 5.4

3 6.0 57 6.0 45 4.8 51 54 4.2 4.8 4.2 4.8 4.8 4.2 4.8

39. 95 4 57 57 57 51l 54 51 45 4.2 51 51 4.2 4.5 4.5 4.2
5 57 5.7 60 4.8 54 57 b4 54 4.2 4.8 4.5 4.2 48 4.2

6 6.9 6.0 6.6 6.0 6.0 57 51 48 51 54 51 4.2 4.5 4.2

7 6,0 B0 5.4 857 57 87 &1 51 51 51 B0 48 3.9 4.8
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Fig. 9 Lengths of scales along the boby-axis at each flowing velocity
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F Mean dynamical pressure in the rear tips

of the scale—plates No.1,2,3.

(The slowly opening and quickly
shutting motion )
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Fig. 10 The relation between dynamical pressure of fluid and a cycle
of the scale-plates, in case of the slowly opening and quickly

shutting motion, and the forward and backward sliding (Shimple
harmonic motion)

(1) alEpikIRE D RS D < 72 BT HAR FHET Tdh - T, RBEOBIE IR OEE 2 v A4
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T 0.100m THHEITHBIRICI 2 —E, X, RBE#EOET— M ©— MEdkickaduc el L
TKR&L 150, vkl 31.25cm/sec TH A WYy 2.57 cycle/sec, 3.9cm; 39.95cm/sec <= 3.6
cycle/sec, 4.9 cm.
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Fig. 11 Visualized flowing around the fish-scale model
by aluminium-powder,
Scale period 0.3sec, F 8, 1/4
Stroboscope 8 cycle/sec, ASA 400.

B L, flerh, B 103gr. wt./em®, B 1.3 gr. wt./em?®; Pk 38. 21 cm/sec
TIEE 1.5gr. wt./em®, FF 1.2gr. wt./cm?; 66.05cm/sec TIEHA 1. 1gr. wt./em?, £
0.9gr. wt./em*. X, i ® WHEALT ISR IR E L, BASBIR
BRI, MhoB4d EHSMETHO B o4 (ER 5.58r wt./om®, B 1.7
gr.wt./em?, HeJJHFEL) &R DA ORAII R SN - 7.

(3) WPk D < 42 v DAM D falk LT O EIRIRETH 2 o, B X Ltk
ot el EEMCHES LT 3HEPEZ SN 5.

I

# D ICRPIRDHEEICH L, B OIS BE, RXEDEEDICHL, BLOHHEaH
R e BB Bk, FEIC SRR T R IC K8 B B0 RO T R, P
EOMRLEDOERIC, FROBBERT 5.

X 18

Dol b e mRuag— « BRI (1977) 0 SEET I X 2 e o i o v T Ak
3, 26, 191-204.

2) wE aiR Q9T “WhoR gy KTy 27, 194-210 GRERIE, H0) .

3)  RAEAURAM (1967) @ “fiE” (L), 43-61 CHEEALEAR, HED.

4 BImRZIEER (1963) @ James Gray “Bifyoilis”, 36-37 CEMILE, HED.



